consuming 1 10 units of alcohol per week was not different between cases and controls at study entrance (8.3 vs. 14.5%, NS), but lower at 1 year before (5.3 vs. 19.7%, p = 0.041) and at the time of event (6.7 vs. 23.7%, p = 0.044); respective odds ratios are 0.54 (0.14-2.06), 0.23 (0.05-1.04) and 0.23 (0.05-1.06). Conclusion: Alcohol consumption is not associated with de novo development of TPO-Ab, but is lower in subjects who developed overt hypothyroidism. The data suggest alcohol consumption may protect against overt autoimmune hypothyroidism.
Introduction
Autoimmune thyroid disease (AITD) is a multifactorial condition and genetic factors as well as environmental factors are thought to play a role in its pathogenesis. Twin studies suggest that genetic factors account for about 70% of the risk to get AITD [1] [2] [3] . The remaining 30% is likely due to environmental factors which may provoke autoimmune reactions. Iodine intake, stress, smoking, drugs (e.g. estrogens), pregnancy and infections have all been investigated as putative determinants of AITD.
Recent studies suggest a protective effect of alcohol on the development of rheumatoid arthritis and systemic lupus erythematosus [4] [5] [6] . Available literature data indeed support the possibility that alcohol is a modulator of the immune system [7] .
In the present study we hypothesized that alcohol consumption would reduce the risk of developing AITD. We examined the effect of alcohol on both early and late stages of AITD. The occurrence of thyroid peroxidase antibodies (TPO-Ab) in serum represents an early stage of AITD, and the occurrence of overt hypothyroidism may represent the late final stage of AITD [8] . Thus we performed two nested case-control studies in the prospective Amsterdam AITD cohort. In study A, we compared alcohol consumption in euthyroid subjects who did or did not develop TPO-Ab. In study B, we compared alcohol consumption in subjects who did or did not progress to overt hypothyroidism.
Subjects and Methods

Participants
The present study was carried out among the 803 subjects from the Amsterdam AITD cohort. The cohort has previously been described in detail [9] . In short, the cohort consisted of women between 18 and 65 years of age in self-proclaimed good health without a history of thyroid disease, who had at least one first-or second-degree relative with documented autoimmune hyper-or hypothyroidism. Subjects were followed for 5 years, or shorter when overt hyper-or hypothyroidism had occurred (defined as TSH ! 0.4 mU/l in combination with fT 4 1 20.1 pmol/l, or TSH 1 5.7 mU/l in combination with fT 4 ! 9.3 pmol/l, respectively). Results of thyroid function tests at study entrance revealed overt hypothyroidism in 10 subjects and overt hyperthyroidism in 3 subjects, leaving 790 subjects to be included in the present study.
At each annual visit, blood samples were collected to measure TSH, fT 4 , TPO-Ab, thyroglobulin antibodies (Tg-Ab) and TSHbinding inhibitory immunoglobulins (TBII), and subjects were asked to fill in questionnaires on alcohol consumption (number of alcoholic drinks per week) and smoking habits (current smoking defined as smoking now or stopped smoking in the last year). All subjects gave informed written consent and the medical ethics committee of the Academic Medical Center in Amsterdam approved the study.
We performed two nested case-control studies (A and B).
Study A: Alcohol Consumption and de novo Development of TPO-Ab
In order to evaluate the relationship between alcohol consumption and the de novo occurrence of TPO-Ab, we selected participants from the inception cohort of the 790 euthyroid subjects, excluding those women who had thyroid antibodies at baseline (i.e. serum concentrations of either TPO-Ab 6 100 kU/l, TgAb 6 100 kU/l or TBII 6 12 U/l), those who had subclinical hyperor hypothyroidism at baseline, and those who had no follow-up. Consequently, 521 euthyroid participants without any serological sign of AITD at baseline were enrolled. A subject was recruited as a case when she had remained euthyroid but had developed TPOAb during follow-up. The end-point for a case was the time at which she had become positive for the first time for TPO-Ab without developing abnormal TSH (called event). This happened in 81 subjects.
Subjects from the Amsterdam AITD cohort qualified to act as controls if they remained euthyroid and seronegative for TPO-Ab up to the time at which the case they were matched to had received her end-point.
Study B: Alcohol Consumption and Development of Overt Hypothyroidism
In order to evaluate the relationship between alcohol consumption and the development of overt hypothyroidism, we designed a nested case-control study in the inception cohort as follows. A subject was recruited as a case when she had developed overt hypothyroidism during follow-up (called event). The endpoint for a case was the time at which she had developed overt hypothyroidism. Subjects qualified as controls if they had not progressed to overt hypo-or hyperthyroidism up to the time at which the case they were matched to had received her end-point.
In both studies A and B for each case, 2 controls were selected. A subject could only be sampled once as control. Controls for both studies were matched for age, duration of follow-up and smoking status at baseline and at the time of event. Alcohol consumption at baseline, 1 year before the occurrence of the event and at the time of the event was compared between cases and controls.
Laboratory Measurements
Serum TSH and fT 4 were measured using time-resolved fluoroimmunoassay (Delphia, Turku, Finland). Reference values are for TSH 0.4-5.7 mU/l and for fT 4 9.3-20.1 pmol/l. Thyroid peroxidase (TPO) antibodies and thyroglobulin (Tg) antibodies were measured by chemiluminescence immunoassays (LumiTest anti-TPO and LumiTest anti-Tg, respectively; Brahms GmbH, Berlin, Germany). Improved versions of both assays became available during follow-up: detection limits of these new assays were for TPO-Ab 30 kU/l and for Tg-Ab 20 kU/l. TPO-Ab concentrations obtained with the old assay were multiplied by a factor 0.72 to obtain comparative values in the new assay. TPO-Ab and Tg-Ab concentrations were considered to be positive at values 6 100 kU/l. TSH receptor antibodies were determined as TBII using the TRAK assay (Brahms GmbH), detection limits in the first-and second-generation TRAK assays were 5 and 1 IU/l, respectively, and values 1 12 and 1.5 U/l, respectively, were considered as positive.
Statistical Analysis
Normally distributed data are presented as mean 8 SD and group differences were analyzed by Student's t test. Data that are not distributed normally are expressed as median and 25th and 75th percentiles, and were analyzed by Mann-Whitney U test. Categorical data are expressed as percentages. The significance of differences between groups was analyzed with the 2 test or with Fisher's exact test in the case of small numbers. Statistical significance was set at 5%.
Results
Study A: Alcohol Consumption and de novo Development of TPO-Ab
During the 5-year follow-up period, 81 of the 521 subjects (15.5%) had developed TPO-Ab under maintenance of a normal TSH, and they were considered cases. 162 matched controls could be selected. Cases and controls did not differ in age (at baseline 36 8 12 and 36 8 12 years, respectively), or in duration of follow-up (2.8 8 1.3 and 2.8 8 1.3 years, respectively). The same was true for the proportion of current smokers. Thyroid function did not change during follow-up, neither in cases nor in controls. At the time of seroconversion the TPO-Ab concentration had a median value of 140 kU/l (interquartile range 110-160 kU/l) ( table 1 ) .
At study entrance, the frequency of consuming 1 10 units of alcohol per week among cases was comparable to that in controls (14.5 vs. 13.4%, NS). The same was true at 1 year before seroconversion (14.1 vs. 15.1%, NS) and at the time of seroconversion (11.3 vs. 13.7%, NS) ( fig. 1 , study A).
Study B: Alcohol Consumption and Development of Overt Hypothyroidism
During the 5-year follow-up period, 38 cases of overt autoimmune hypothyroidism occurred, as reported elsewhere [10] . 76 matched controls could be selected in whom overt hypo-or hyperthyroidism had not occurred. Cases and controls did not differ with regard to mean age (at baseline 38 8 12 and 38 8 12 years, respectively), mean follow-up (3.2 8 1.3 and 3.2 8 1.2 years, respectively) and the proportion of current smoking at baseline, 1 year before the event and at the time of event. Cases had already higher serum TSH and lower serum fT 4 concentrations than controls at baseline ( table 1 ) .
At study entrance, the frequency of consumers of 1 10 units of alcohol per week among cases was not significantly different from that in controls (8.3 vs. 14.5%, NS). At 1 year before the occurrence of overt hypothyroidism, Proportion of subjects consuming 1 10 units/week in cases (dark gray bars) and in controls (matched for age, duration of follow-up and smoking behavior -light gray bars) at baseline, 1 year prior to event and at the time of event in study B (development of overt hypothyroidism). OR denotes odds ratio and the 95% confidence intervals are in parentheses. there were less consumers of 1 10 units of alcohol per week in cases than in controls (5.3 vs. 19.7%, p = 0.041), and this was still true at the time of overt hypothyroidism (6.7 vs. 23.7%, p = 0.044) ( fig. 1 , study B) . The odds of consuming 1 10 units of alcohol per week for developing overt hypothyroidism were 0.54 (95% CI 0.14-2.06) at baseline, 0.23 (95% CI 0.05-1.04) 1 year before the event, and 0.23 (95% CI 0.05-1.06) at the event ( fig. 2 ).
Discussion
The aim of the present case-control studies nested in the observational Amsterdam AITD cohort study was to evaluate in a prospective manner the involvement of alcohol in both the early stages (when thyroid antibodies develop but thyroid function is still normal) and late stages (when overt thyroid dysfunction emerges) of the natural course of AITD. We find that alcohol consumption is not associated with the de novo occurrence of TPO-Ab. However, we observed that alcohol consumption decreases the risk of the development of overt hypothyroidism in subjects susceptible for developing AITD. At study entrance, alcohol consumption did not differ between those who subsequently developed overt hypothyroidism and those who did not; the effect of alcohol consumption became obvious during follow-up, although the odds ratio at baseline was already 0.54.
The present study is the first to evaluate the relationship between alcohol consumption and thyroid autoimmunity in a prospective manner. Its prospective nature guarantees solid evidence. Cases and controls were matched for age, duration of follow-up and smoking behavior as higher age and longer exposure time increase while smoking decreases the likelihood of developing autoimmune hypothyroidism and thyroid antibodies [11] [12] [13] . The perfect matching procedure between cases and controls effectively exclude the potential biases and enhance the validity of our results. A weakness of our study is the limited number of subjects who converted from euthyroidism to overt hypothyroidism (n = 38), but even with this small sample size we find evidence that alcohol consumption exhibits an inverse association with overt autoimmune hypothyroidism. However, the limited sample size may have precluded to find a dose-response relationship in our study. We did not observe differences between cases and controls when we categorized alcohol consumption into three groups: non-drinkers, low consumption ( 1 0 but ^ 10 units/week) and high consumption ( 1 10 units/week).
The external validity of the present study is limited because we studied only women who had a family history of AITD. Our findings are in an agreement with a recent case-control study from Denmark [14] in which evidence that alcohol consumption is protective for the development of autoimmune hypothyroidism was also obtained. Cases were 140 patients with incident autoimmune overt hypothyroidism identified in a Danish population-based study and they were matched for age and sex with 560 controls recruited from the same population who had normal thyroid function and no history of thyroid disease. The odds ratio for developing hypothyroidism for alcohol consumers of 1-10 units/week was 0.58 (95% CI 0.35-0.96) and for alcohol consumers of 1 11 units/week was 0.40 (95% CI 0.21-0.78) while non-drinkers (abstainers) were used as the reference group. The observed odds ratios did not change after multivariate adjustment for smoking habits and family history of hypothyroidism (0.59 (95% CI 0.35-0.99) and 0.41 (95% CI 0.21-0.79), respectively). Our data on a protective effect of alcohol on autoimmune hypothyroidism are reminiscent of the protective effect of alcohol on the development of systemic lupus erythematosus as found in a meta-analysis [6] . Alcohol also protects against rheumatoid arthritis: nondrinkers have an odds ratio of 4.17 compared with subjects consuming alcohol 1 10 days/month [5] , and in another study the odds ratio is 0.5-0.6 for subjects in the quartile with the highest alcohol consumption compared with the lowest quartile [4] .
The mechanism behind the effect of alcohol on thyroid autoimmunity is not clear. Although experimental and clinical data suggest that alcohol is a potential modulator of the immune system, our findings do not suggest any association between alcohol and the immune response at early stages of thyroid autoimmunity. One may thus ask the question if our findings regarding the development of overt hypothyroidism are due to a direct effect of alcohol on the thyroid gland. Studies in the past have reported decreased serum thyroid hormones, normal TSH and a blunted TSH response to TRH among alcohol-dependent patients [15] . A direct and irreversible toxic effect of alcohol on the thyroid gland has been proposed as explanation for the reduction of serum thyroid hormones. A direct toxic effect could also explain that alcohol protects against the development of goiter, as evident from a significant decrease of thyroid volume observed in alcohol-dependent patients [16, 17] . However, in our study, alcohol consumption protected against thyroid hormone deficiency, thereby rendering a direct toxic effect of alcohol on the thyroid gland in our study highly unlikely.
Recently, we [12] and others [13] have reported that smoking has a protective effect on the development of thyroid antibodies and also on the development of Hashimoto's hypothyroidism. The mechanisms behind the protective effect of smoking on AITD are also not well understood so far. Because both smoking and alcohol seem to protect against autoimmune hypothyroidism, it may be hypothesized that smoking and alcohol act via the same immune pathways; however, this seems to be less likely if one realizes that the association between alcohol consumption and overt hypothyroidism in our study was independent of smoking. An alternative hypothesis could be based on genetics. Twin studies [18] [19] [20] [21] [22] and studies on selected strains of laboratory animals [23] suggest a strong genetic influence on the liability to both alcohol and nicotine dependence. From that perspective it can be hypothesized that genetic factors which predispose to addiction behavior are also involved in the pathogenesis of thyroid autoimmunity.
In conclusion, alcohol consumption of 1 10 units/week may protect against the development of overt hypothyroidism, independent of smoking. The mechanism behind this phenomenon remains to be clarified.
